We documented two life history strategies for juvenile salmonids as expressed in off-channel tidal freshwater habitats of the Columbia River: (i) active migrations by upper river Chinook salmon (Oncorhynchus tshawytscha) and steelhead (Oncorhynchus mykiss) during the primary spring and summer migration periods and (ii) overwinter rearing in tidal freshwater habitats by coho salmon (Oncorhynchus kisutch) and naturally produced Chinook salmon mostly from lower river sources. During spring-summer 2007-2008, acoustic-tagged fish originating above Bonneville Dam (rkm 234) had short residence times in off-channel areas (rkm 192-203): median 2.5 and 2.6 h for yearling (mean lengths 134 and 158 mm) and 3.0 and 3.4 h for subyearling (104 and 116 mm) Chinook salmon and 2.5 h for yearling steelhead (215 mm). The percentage of fish in off-channel areas out of the total in the main-and off-channels areas was highest for yearling Chinook salmon (8.1% and 9.3% for 2007 and 2008, respectively) and lowest for steelhead (4.0% for 2008) and subyearling Chinook salmon (3.6% and 6.1% for 2007 and 2008, respectively). In late January and early February 2010, 2011, and 2012, we captured and tagged yearling Chinook and coho salmon occupying off-channel tidal freshwater habitats. Median residence times in off-channel areas were 11.6-25.5 days for juvenile Chinook (106, 115, and 118 mm, respectively by year) and 11.2 days for coho salmon (116 mm). This study is the first to estimate residence times for juvenile salmonids specifically in off-channel areas of tidal fresh water and, most importantly, residence times for Chinook salmon expressing a life history of overwintering in tidal fresh water. The findings support restoration of shallow off-channel habitats in tidal freshwater portions of the Columbia River. 
Introduction
This study examined residence times of juvenile salmonids (Oncorhynchus tshawytscha, Oncorhynchus kisutch, and Oncorhynchus mykiss) to assess differential occupation of off-channel habitats by fish with different life history strategies in the tidal freshwater portion of the lower Columbia River and estuary (LCRE; Fig. 1 ). Early life history strategies for juvenile Chinook salmon emigration have two broad themes: fish that reside in natal streams for a year or more before migrating to the ocean as yearlings and fish that migrate downstream as subyearlings and enter the ocean during the first year after emergence (Myers et al. 2006) . Ocean entry by yearlings occurs primarily in spring, followed by a peak outmigration of subyearlings in summer (Healey 1991) . The many variations on these themes in terms of migration timing, fish size distribution, estuarine residence time, and other factors result in a diversity of life histories (e.g., Bottom et al. 2005; Miller and Sadro 2003; Rich 1920) . For example, juvenile Chinook salmon are found in the LCRE in autumn and winter, well after the subyearling summer outmigration period (Rich 1920; McCabe et al. 1986; Roegner et al. 2012) . However, it is not known how long those fish remain in LCRE habitats. Information about such uncommon life histories is increasingly valued given that life history diversity is considered essential for the long-term viability of salmonid populations (Fleming et al. 2014) .
In the LCRE, intensified interest in life history diversity and juvenile salmonid migration characteristics was prompted by the Endangered Species Act (ESA 1973) listing of 13 salmonid stocks in the Columbia River basin, all of which use this portion of the river to reach the ocean. The ESA listings led regulators to include LCRE habitat restoration as a key mitigation strategy in ESA biological opinion documents on operation of the Federal Columbia River Power System (e.g., NMFS 2014). Accordingly, restoration managers are aggressively pursuing restoration of floodplain wetlands that were historically connected to off-channel habitats in the tidally influenced freshwater stretch (rkm 58-234) of the 234 km LCRE from Bonneville Dam to the ocean under the premise that restoration of shallow, off-channel habitats will improve survival and increase life history diversity (BPA and USACE 2014) . Understanding early life history characteristics and realized functions (Simenstad and Cordell 2000) is essential to inform management decisions about habitat restoration to benefit ESA-listed fish. Thom et al. (2013) concluded that data on realized function for juvenile salmonids were sorely lacking in the LCRE. To our knowledge, no studies in the LCRE or elsewhere have estimated residence times for yearling and subyearling salmonids in off-channel tidal freshwater habitats during spring-summer and late winterearly spring. The latter period is particularly important to restoration program managers because it includes relatively uncommon life histories (Burke 2004; Fresh et al. 2005; Teel et al. 2014) .
Our goal was to examine residency patterns of juvenile salmonids in off-channel tidal freshwater habitats of the LCRE. The objectives during [2007] [2008] were to estimate residence times and proportional use of off-channel pathways compared with the main river channel by juvenile Chinook salmon and steelhead during the primary spring and summer outmigration periods. Those fish were actively migrating to the ocean from areas upriver of the LCRE. During 2010-2012, we studied juvenile Chinook and coho salmon that we hypothesized were expressing a largely undocumented life history of LCRE overwintering. To address this hypothesis, we estimated residence times and also examined the exit timing and condition of juvenile Chinook and coho salmon during late winter and early spring. Because the ESA listing and recovery framework focuses on specific stocks (NMFS 2014), we also used genetic stock identification to evaluate the origins of the juvenile Chinook salmon during the 2010-2012 studies.
Materials and methods

Study design
We conducted field work in different time periods because the research was performed in collaboration with two separate, broader research efforts. During 2007-2008, we deployed acoustic receivers for collecting residence time data in off-channel areas at the Sandy River delta (rkm 198; see Sather et al. 2011 for a description of the study area) in the Columbia River to supplement acoustic detection arrays for dam-passage survival studies by others in spring and summer (Ploskey et al. 2009 ). During 2010-2012, we implemented residence time research as part of a juvenile salmon ecology study in the same area where Sather et al. (2011) had identified a bimodal size distribution for Chinook salmon in winter (Fig. 2a) . Their finding of relatively large (ϳ105 mm fork length) juvenile salmon during winter months prompted us to hypothesize these fish were overwintering in tidal off-channel habitats. To address this hypothesis, we sampled juvenile salmon in January 2010 and February 2011 at the Sandy River delta and in February 2012 at Cottonwood Island (Fig. 1) . Sample sizes were much larger during 2007-2008 than 2010-2012 (Table 1) because thousands of fish from smolt bypass systems at mainstem dams during spring and summer were necessary for the 2007-2008 dam-passage survival studies, whereas only tens of fish could be obtained by beach seining during winter 2010-2012 for residence time studies in tidal fresh water.
Telemetry equipment
To obtain data to estimate the residence times of juvenile salmonids, we used the Juvenile Salmon Acoustic Telemetry System (JSATS; described by McMichael et al. 2010) because it provided the smallest acoustic tag available, which enabled us to tag juvenile salmonids as small as 95 mm fork length . The JSATS operating frequency was 416.7 kHz. Specific tag sizes, pulserepetition intervals (PRIs), and tag lives used in this study varied from year to year depending on equipment availability and, during 2007 and 2008, our collaborators' study objectives (Table 1) . We measured tag life for various PRI levels by annually monitoring a random sample of 5 to 50 transmitters in a tank, depending on the availability of transmitters. Mean tag life ranged from 31 to 100 days, depending on the PRI (Table 1) .
Fish sources and genetic stock identification
From late April through July 2007 and 2008, we monitored juvenile Chinook salmon and steelhead that had been tagged as part of other studies at upriver locations (Bonneville Dam, rkm 234; John Day Dam, rkm 349; and Lower Granite Dam, Snake River rkm 173, 693 km from the Pacific Ocean). During tagging, researchers distinguished yearling and subyearling salmon by length and body morphology (Tiffan et al. 2000) . In 2007 and 2008, mean fork lengths (hereafter, all fish lengths are fork lengths) were 134 and 159 mm for yearling Chinook salmon, 104 and 116 mm for subyearling Chinook salmon, and 215 mm for yearling steelhead, respectively (Table 2) . Over 20 000 fish were tagged each year. For context, percentages of hatchery-origin fish during the 2008 study, as indicated by a clipped adipose fin or fin abrasions, varied among species tagged: 55% yearling Chinook salmon, 68% steelhead, and 39% subyearling Chinook salmon (Ploskey (Fig. 1 ). Efforts to capture fish focused on off-channel habitats because these LCRE areas have higher densities of juvenile salmon during winter months compared with main-channel habitats . Tagged juvenile Chinook salmon ranged in length from 103 to 121 mm, with sample sizes of 41, 12, and 14 fish during 2010, 2011, and 2012, respectively (Tables 1 and 2 ). During 2011, we also captured, tagged, and monitored 36 juvenile coho salmon (mean size 116 mm). All tagged fish were determined to be yearlings, based on fish size and capture season (late winter -early spring). Juvenile steelhead were not captured during beach seine efforts. We determined hatchery origin by observing whether the fish was marked, as indicated by a clipped adipose fin or presence of a coded wire tag or both. In 2010-2012, adipose fin clipping rates in hatcheries were very high for the four most common stocks of juvenile Chinook salmon occupying tidal freshwater habitats (>99%), although the mark rate was lower (72%) for Upper Columbia River summer-fall hatchery juveniles . Of the total 103 juvenile Chinook and coho salmon we tagged during 2010-2012, only 7% were marked, indicating that most were of natural origin.
To determine the genetic stock of origin for juvenile Chinook salmon sampled during 2010-2012, fin tissues from individual fish were analyzed using microsatellite DNA data and genetic stock identification methods (Teel et al. 2009 . The genetic stock identification computer program ONCOR (Kalinowski et al. 2007 ) was used to estimate the relative probability of stock origin of each sample. Descriptions of the genetic stocks included in the analysis are presented by Teel et al. (2014) . Genetic stock identities were not estimated for coho salmon.
Tagging and release
Trained staff surgically implanted acoustic tags in fish using methods similar to those described by Brown et al. (2010) and Deters et al. (2010) . Before tagging, fish were anaesthetized using fresh river water and MS-222 (tricaine methanesulfonate; 80 to 100 mg·L -1 ) (Carter et al. 2011) and individually weighed and measured. After tagging, we acclimated fish in river water for 18 to 24 h before transporting and releasing them (Oldenburg et al. 2011) .
Release locations for tagged fish varied depending on study year. During 2007 During -2008 , collaborators from other studies released fish at various sites upstream of Bonneville Dam (Table 1) . During 27-30 January 2010 and 3-5 February 2011, we released tagged fish west of Gary Island (rkm 198; Fig. 1 ). During 3-7 February 2012, we released tagged fish east of Cottonwood Island in Carroll's Channel (Fig. 1) . We released tagged fish during daytime hours and recorded the date, time, and location of the release for each tagged fish, except during 2010 when the release time was not recorded; it was arbitrarily set at 1100 h based on staff recollection.
Data collection, reduction, and analysis
We placed autonomous JSATS receivers in arrays at strategic locations during each of the 5 study years (Fig. 3 ). Deployment and retrieval methods were similar to those described by Titzler et al. (2010) . Generally, receivers were positioned in relatively deep areas of off-channel habitats to maximize signal detectability, given a detection range for JSATS transmitters of about 300 m in open water . During 2007 and 2008, we placed single receivers at four locations in off-channel areas near Gary, Flag, and Reed islands (Figs. 3a, 3b), which were used in residence time estimation along with receivers for other studies deployed upstream (entrance array; rkm 203) and downstream (exit array; rkm 192) of the Sandy River delta (Figs. 3a, 3b) . During 2010 and 2011, we deployed five receivers in the off-channel area west of Flag and Gary islands (Figs. 3c, 3d) , and during 2012, we deployed five receivers east of Cottonwood Island (Fig. 3e) . Except during servicing to replace batteries and data storage media, receivers were operational 24 h·day -1 to detect, digitize, and decode transmitter signals from tagged fish and write data to files on compact flash cards. We downloaded data from each receiver every 3 to 4 weeks during the monitoring periods, which lasted several months each study year (see Table 1 ).
Reduction and analysis of raw detection data involved determination of detection events, categorization of migration pathways through main-and off-channel areas (2007-2008 only) , and estimation of residence times. A detection event was determined by at least four valid acoustic signal receptions with a PRI matching the temporal pattern of a properly functioning JSATS tag within a time window defined by the PRI specific to each transmitter. The window duration was 47.8 s for 3 s tags, 79 s for 5 s tags, 110.2 s for 7 s tags, and 157 s for 10 s tags. We filtered tag code receptions to remove multipath (nondirect) signals from a transmitter by deleting all that occurred within 0.156 s after an identical tag code detection, under the assumption that closely lagging signals were multipath. Initial tag code receptions were retained. We matched detected fish with release codes and developed time-of-detection histories for the detection events for each tagged fish. For a given tagged fish detected by the receiver(s), the primary results after data reduction were time and location of first detection event, time and location of last detection event, and its history of detection events by all receivers.
Only fish detected on both the entrance and exit arrays were included in the 2007-2008 residence time analyses. Using detection histories, we categorized migration in off-and main-channel areas during 2007-2008 as follows (see Fig. 3 ): "Main only": de- tected only by main channel receivers; "Off Channel": detected by a receiver(s) west of Gary and other delta islands or the receiver north of Reed Island; "Gary only": detected only by a receiver(s) west of Gary and other delta islands; "Reed only": detected only by the receiver north of Reed Island; "Main and Gary": detected by the entrance array and the receivers west of Gary Island and other delta islands; "Main and Reed": detected by the entrance array and the receiver north of Reed Island.
In all study years, we estimated arithmetic mean and median residence times. During 2007-2008, residence times for individual fish were calculated as the time between the last detection by the exit array and the first detection at the entrance array (Fig. 3) . Overall, 83% of the tagged fish detected on the entrance array were detected on the exit array. During 2010-2012, residence time for individual fish was calculated by the difference between the date and time of last detection at any receiver in the study area and the date and time of release. The residence time estimates for 2010-2012 are minimums because the amount of time a fish was in the general area before we captured it for tagging was unknown, and the last detection could have been due to tag battery depletion, not necessarily emigration out of the study area.
We used Kruskal-Wallis and Mann-Whitney tests to compare median residence times among the tagged species and between main-and off-channel areas, respectively, for the 2007-2008 dataset. To examine temporal variation, we calculated the off-channel percentage (out of the total for main-and off-channel areas) for successive 3-day blocks of time, except during the start or end of some runs when more days had to be pooled to obtain adequate numbers of fish for precise estimates. Minimum, mean, and maximum sample sizes used to calculate the percentage of fish detected off-channel were as follows: yearling Chinook salmon 285, 522, and 822; subyearling Chinook salmon 107, 470, and 966; and steelhead 126, 196 , and 240, respectively. The off-channel percentage for each run of fish studied in 2007 and 2008 was plotted by the mid-date of each block of pooled days along with river discharge and water temperature data measured at Bonneville Dam and obtained from Data Access in Real Time (www.cbr.washington.edu/dart). We used nonparametric statistics to test for differences in residence times because the data were not normally distributed.
Results
2007-2008
Median residence times for acoustic-tagged fish migrating through the study area during spring-summer 2007-2008 were short -2.5 to 3.4 h -and varied among species (Table 3) . Regardless of detection location in main-or off-channel areas, median residence times for steelhead (STH) were 22.8% shorter than those of subyearling Chinook salmon (CH0) and 10.8% shorter than those of yearling Chinook salmon (CH1). Median residence times were significantly different among the three groups of fish (CH0, CH1, and STH; P < 0.001, Kruskal-Wallis). Dunn's multiple pairwise comparisons of the medians (CH1 versus STH, CH1 versus CH0, and CH0 versus STH) were all significant (P < 0.05). For each run of fish (CH0, CH1, and STH), the median residence times for fish detected in off-channel areas were significantly longer than the times for fish detected only in main-channel areas (MannWhitney rank sum test; P < 0.001). However, differences between 2007, 2008, 2010, 2011, and 2012. off-and main-channel median residence times were short (1.43 h for CH1, 0.87 h for STH, and 0.38 h for CH0) and may not be biologically significant.
Of the thousands of acoustic-tagged fish of each species detected on receivers in the study area during spring-summer [2007] [2008] (Table 4) , most were migrating in the main channel (90.7% to 96.4% out of the total of main-and off-channel pathways, by species and year). The percentage of fish in off-channel areas out of the total in the main-and off-channel areas was highest for CH1 salmon (8.1% and 9.3% for 2007 and 2008, respectively), and lowest for STH (4.0% for 2008) and CH0 salmon (3.6% and 6.1% for 2007 and 2008, respectively). The off-channel percentages of CH1 and CH0 salmon varied (Fig. 4) and were negatively associated with water temperature (P < 0.01), whereas percentages of off-channel for STH were positively associated with water temperature (P < 0.01). We observed no relation between the percentage of CH1 salmon in off-channel areas and river discharge (P = 0.76), but percentages of off-channel STH and CH0 salmon were positively correlated with river discharge (P < 0.01; Fig. 4 ).
-2012
Median residence times observed in winter and early spring studies (2010) (2011) (2012) , which are minimum estimates because it was unknown how long a given fish was in the study area before it was captured and tagged, varied depending on year and species (Table 5) . Median times were 25.5, 11.6, and 18.4 days for the juvenile Chinook salmon during 2010, 2011, and 2012, respectively, but a Kruskal-Wallis one-way analysis of variance (ANOVA) on ranks of residence times was not significant (P = 0.351). Yearling coho salmon tagged in 2011 had a median residence time of 11.2 days. Median residence times of juvenile Chinook salmon sampled in off-channel habitats in winter and early spring 2010-2012 (531.8 h) were much longer and significantly different than those for juveniles sampled in the same habitats during spring-summer 2007-2008 (3.6 h; Mann-Whitney rank sum test; P < 0.001).
Tagged fish exited the study areas during February, March, and April of 2010-2012 (Fig. 5) . In general, we observed peaks in exiting timing of tagged yearling salmon during February and April, and smaller peaks in mid-March. Coho and Chinook salmon had similar exit timing patterns. Additionally, the exit timing for Chinook salmon at the Sandy River delta was similar to the timing at the Cottonwood Island study area.
The genetic stock composition of the juvenile Chinook salmon captured and tagged during winter 2010, 2011, and 2012 varied among years (Table 6 ). Nearly all (93%) of the tagged juveniles did not have clipped adipose fins and were therefore likely of natural origin. The Willamette River spring stock was most prevalent during 2010 (24 of 41 fish; 59%) and 2011 (8 of 12 fish; 67%). Most of these juveniles were captured in the area of the Sandy River delta and likely originated in the nearby Sandy River, which had been extensively stocked with Willamette River hatchery Chinook salmon during the 20th century (Myers et al. 2006; Teel et al. 2014 ). Myers et al. 2006 ) dominated the catch (10 of 14 fish; 71%). Upper Columbia River summer-fall stock (five fish) was present only in 2010. Overall, 75% of the fish analyzed were assigned to a genetic stock with high relative assignment probabilities (P ≥ 0.90). Two fish in 2010 were estimated to come from Snake River stocks but both had relative assignment probabilities less than 0.50.
We observed weak negative relationships among residence time and fork length and mass measurements for all tagged fish . Three days of observations were pooled to calculate the percentage of each fish run detected in off-channel areas, except in a few cases at the beginning or end of some runs when more days had to be pooled to obtain adequate sample sizes of at least 100 fish. Numbers above or next to some points indicate the number of days that had to be pooled when more than 3 days were required. over 2010, 2011, and 2012 combined (Fig. 6) , although neither relationship was significant (P = 0.29 for length-residence time and P = 0.15 for mass-residence time).
Discussion
Short residence times of only several hours (Table 3) in the 11 km study area in LCRE tidal fresh water during spring-summer 2007-2008 by stocks upriver of Bonneville Dam indicate yearling and subyearling life history strategies that feature active migration toward the ocean mostly down the main river channel. For juvenile salmonids, we define "active migrants" as fish exhibiting net downstream movement with short residence time in any particular location. On the other hand, during late winter -early spring 2010-2012, median residence times in off-channel areas ranged from 11 to 26 days for CH1 salmon (mean yearly lengths 106, 115, and 118 mm; Table 5 ). These fish, mostly naturally produced juveniles from tributaries in the lower Columbia and Willamette rivers, presumably emigrated from their natal streams during fall or winter as subyearlings to rear in tidal fresh water, followed by resumption of seaward migration in late winterearly spring as yearlings. Juvenile coho salmon residence periods (median 11.2 days) and fish size (mean 116 mm) were similar to those of Chinook salmon, indicating similar patterns of migration and rearing during this period.
Our study has several important assumptions and caveats. We assumed that the tagging process from capture to release did not affect residence time estimates. This assumption is sensible because methods for collecting, tagging, and releasing fish are well established, were applied consistently throughout our study and, based on other evaluations (e.g., Weiland et al. 2013) , were unlikely to bias residence time estimates. Tag burdens in our study (Table 2) were always below the 7% threshold recommended by Brown et al. (2010) . Also, effects of an acoustic tag on subsequent behavior were likely minimal (Anglea et al. 2004; Brown et al. 2010) . Another assumption was that residence time estimates were not affected by the translocation of fish from the capture location to the release location 10 and 8 km away during 2010 and 2012, respectively, and during spring-summer studies 2007-2008. Translocation could have biased residence time estimates positively because of possible acclimation time after release or negatively because of potential after-handling escape behavior at the release location, even after tagged fish were acclimated for 18-24 h in river water prior to release. Effects of translocation on residence time estimates are unknown, but many studies of juvenile salmon necessarily involve translocating tagged fish (e.g., Sommer et al. 2001) . We also assumed that the last detection of a tagged fish represented exit from the study area by the tagged fish. This assumption is reasonable because mean tag lives were usually longer than residence times (Tables 1, 3 , and 5). Underlying this is the assumption is that detections were attributed to fish movements and not to predators that may have consumed tagged fish. A caveat to the study was that using fish size to categorize life history type (yearling versus subyearling) must be qualified by the fact that migration distances from natal streams to the ocean, water temperature, and other environmental factors affect size at migration to sea (Taylor 1990 ). Residence times and migration characteristics Juvenile salmon can display a range of migration behaviors and residence times during seaward migration (e.g., Moser et al. 1991; Connor et al. 2005) . Residence times can vary among habitats in natal streams, reservoirs, tidal fresh water, or estuarine water (McCleave 1978; Pinnix et al. 2013; Tytler et al. 1978) . In the LCRE, previous telemetry studies of juvenile salmonids (>95 mm) revealed relatively short residence times during the spring and early summer study periods. For example, CH1 and CH0 salmon captured at mainstem dams and tagged with acoustic transmitters exhibited mean residence times in the 234 km LCRE of 3.4 and 4.1 days, respectively . Harnish et al. (2012) reported that median residence times of 1-2 days between rkm 8 and 86 were similar for the CH1 and CH0 salmon and yearling STH they studied. By recapturing at rkm 74 fish that were released at various locations in the Columbia River basin, Dawley et al. (1986) found that smaller subyearling salmon (<120 mm) using shallowwater habitats tended to spend more time in the LCRE than larger juvenile migrants (>120 mm). In our study, the relationships between fish size and exit timing (positive trend) and fish size and residence time (negative trend), although not statistically significant, were similar to observations by Dawley et al. (1986) .
During 2010-2012, we examined the latter portion of the overwintering period, as shown by the protracted exit timing during February, March, and April (Fig. 6 ). Our exit timing data are consistent with Dawley et al. (1984) , who observed that fall-released fish migrated past Jones Beach (rkm 74) in February, March, and April. Tagged fish exited our off-channel tidal freshwater study areas during late winter and early spring, presumably migrating toward the ocean. Such timing would indicate ocean entry earlier in spring than the peak for yearling fish in May (Daly et al. 2014; Weitkamp et al. 2012 ) and subyearling fish in June (Weitkamp et al. 2012 ). Ocean entry spread over time among various stocks and life history strategies may contribute to fish resilience (Bottom et al. 2009 ), i.e., the ability to persist in a changing environment (Holling 1973) .
Over study years [2007] [2008] 3 .6%-9.3% of total passage was through off-channel routes in our Sandy River delta study area at rkm 192-203; the bulk of the tagged fish migrated in the main channel of the river (Table 4) . Weitkamp et al. (2012) reported that yearling salmon were distributed primarily in the main channel near the mouth of the Columbia River. Harnish et al. (2012) found that tagged fish detected at rkm 50 downstream of Puget Island in the Columbia River were detected mostly in the main channel (84%-88%), although some (12%-16%) used Clifton Channel, an offchannel route to the ocean via Cathlamet Bay. Dawley et al. (1986) noted that the larger, faster migrating juvenile salmon were more closely associated with the main channel of the river than the smaller juvenile salmon, which were more laterally dispersed in off-channel areas. There was no relationship between use of offchannel pathways at the Sandy River delta and vicinity during 2008 and subsequent use of off-channel routes in the estuarine portion of the LCRE (G. Johnson, unpublished data). Given the very large number of individuals that were tagged each year (>20 000), our results are representative of limited (3.6% to 9.3% of total passage) use off-channel tidal freshwater habitats relative to the main channel during spring and summer by most juveniles originating in the interior Columbia River basin. These percentages, however, are not inconsequential in the context of the millions of juvenile salmon migrating through the LCRE each year.
The timing of migrations by juvenile salmon is linked to a variety of environmental conditions, including water temperatures and discharge level (Hoar 1958; Koski 2009 ). Bjornn and Reiser (1991) report the downstream migration by juvenile salmon into non-natal habitats during winter was a result of low water temperature and lack of instream habitat. In our study, the relationship between water temperature (as measured at Bonneville Dam) and the percentage of off-channel fish out of the total in main-and off-channel was negative for CH1 and CH0 and positive for STH. The spring results are likely spurious because the trends were opposite for CH1 and STH, which have similar temperature tolerances. In addition, spring water temperatures and the range in temperatures seem to be too low (11.5 to 14.4°C) to have had a biological impact on behavior and distributions. However, the significant inverse correlation of the percentage of CH0 off-channel and water temperature may reflect a valid biological response because water temperatures rose to 21°C in July when off-channel percentages for CH0 were lowest. Moderate to high river discharge (>11 000 m 3 ·s -1 ) was positively related to the percentage of STH in off-channel areas (Fig. 5) . The strongest positive relationship between discharge and migration we observed was for CH0 in off-channel areas during discharge levels of 3000-10 000 m 3 ·s -1 . Perry et al. (2010) also noted a correlation between the migration timing of juvenile Chinook salmon and river discharge in the Sacramento-San Joaquin River delta, where fish released coincident to relatively low river discharges had longer travel times and higher survival rates compared with fish released during relatively high discharge.
Distribution of juvenile salmon in LCRE off-channel areas may also have been driven by resource partitioning among different size classes of fish and different habitat types. This was indicated, for example, by the short residence times and low percentages off-channel for steelhead compared with Chinook salmon. Given that approximately 100 million juvenile Chinook salmon are released from Columbia basin hatcheries each year (HSRG 2009), off-channel distribution may also reflect density-dependent allocation of available space and resources. At a minimum, off-channel habitats provide a migration route and, at a maximum, they provide access to prey and other benefits, even though the tagged juvenile salmonids we studied were actively migrating downstream and not residing in off-channel areas for long. Short residence times in off-channel areas by actively migrating salmonids in spring and summer do not necessarily infer lack of importance of these habitats.
Life history strategies and overwintering
Our study documented two life history strategies for juvenile salmonids in off-channel habitats of LCRE tidal fresh water: (i) active migrations and short off-channel residence by upper river Chinook salmon and steelhead during the primary spring and summer migration periods and (ii) overwinter rearing in tidal freshwater habitats by coho salmon and naturally produced Chinook salmon mostly from lower river sources. The brief residency and minimal use of off-channel pathways by fish expressing the active migration life history strategy are consistent with previous research documenting rapid migrations through the LCRE by large CH1 and CH0 salmon and STH originating in upriver areas Harnish et al. 2012; Weitkamp et al. 2012) .
In contrast, the extended tidal freshwater rearing in late winter and early spring is a relatively undocumented life history, though previous studies have suggested this life history may have been more common in the past (Rich 1920; Burke 2004) . Our data reveal that the overwintering behavior is currently expressed by naturally produced fish from a diverse suite of lower river genetic stocks. Moreover, our results illustrate that the full range of the Chinook salmon juvenile life histories in the Columbia River is not easily described using a simple subyearling-yearling dichotomy. We suggest that the juveniles in our late winter -early spring 2010-2012 study entered the LCRE as subyearlings and migrated to the ocean as yearlings.
The 105 mm size mode for Chinook salmon that Sather et al. (2011) found in winter in the same Sandy River delta study area as ours was not observed in spring and summer samples (Fig. 2a) , implying these fish had exited shallow water in the study area. The spring and summer length frequency data from the beach seine sampling by Sather et al. (2011) are consistent with the pattern of relatively few large-sized, actively migrating yearling and subyearling fish using off-channel habitats during spring and summer (Table 4) . This pattern is supported by Ploskey et al. (2009) , who documented a corresponding 115 mm mode for Chinook salmon sampled at Bonneville Dam during summer 2008 (Fig. 2b) .
Coho salmon lengths, masses, and condition factors were similar to those for the tagged Chinook salmon ( Table 2 ). The 36 coho salmon collected off-channel in winter 2011 averaged 116 mm in length, which suggests that they were overwintering yearling fish. This 116 mm mean length during January sampling comports with Dawley et al. (1986) , who reported a mean length of ϳ130 mm for actively migrating coho salmon in spring.
Our data strongly suggest that juvenile Chinook and coho salmon were overwintering in off-channel tidal freshwater habitats of the LCRE. Minimum residence times of 11.6-25.5 days for juvenile Chinook and 11.2 days for coho salmon (Table 5) imply the fish were not active migrants. In addition, the fish lengths of ϳ115 mm of our yearling salmon captured and tagged during winters 2010-2012 (Table 2) indicate these fish likely migrated to LCRE tidal fresh water in fall and winter as subyearlings (Reimers and Loeffel 1967) . The relatively large CH1 salmon that we tagged were clearly differentiated from the smaller and younger CH0 salmon in the off-channel LCRE habitats we studied (Fig. 2a) . Our findings confirm the early work of Rich (1920) , who used scale analysis to infer that some subyearlings remain in the Columbia River estuary over the winter.
Winter rearing in the LCRE by juvenile Chinook salmon has also been indicated in several previous investigations, although none of those studies assessed the duration of residency in off-channel tidal freshwater habitats. Spring run Chinook salmon from the Willamette River basin in Oregon include a subyearling fallwinter-migrant life history (Keefer and Caudill 2010) that is present in winter in LCRE tidal freshwater habitats ). Reimers and Loeffel (1967) analyzed scale samples of lower Columbia River fall-run Chinook salmon and found that juveniles had extended residence times in freshwater habitats, which the authors suggested may have included tidal areas. Dawley et al. (1986) studied marked (hatchery) juvenile Chinook salmon that were released from Columbia River tributaries during late summer and autumn by recapturing fish downstream at Jones Beach (rkm 75). Some fish apparently overwintered in upstream areas, possibly including tidal freshwater habitats, before emigrating to sea the following spring.
Overwintering by juvenile salmon in tidal fresh water has been suggested in other regions as well. Cunjak et al. (1989) surmised that some juvenile Atlantic salmon (Salmo salar) moved from an estuary on the Newfoundland coast back to fresh water for overwintering. Juvenile Chinook salmon migrating from upstream locations in the Fraser River were found to occupy non-natal tributaries, many of which were tidally influenced (Levings et al. 1995; Murray and Rosenau 1989) . Overwintering is indicated from the bimodal size distribution (ϳ50 and ϳ125 mm) data that Kjelson et al. (1982) reported for fall-run Chinook salmon sampled in San Francisco Bay during January-March 1981. In Oregon coastal rivers, juvenile coho salmon move in autumn and winter from natal streams downstream to tidal areas for rearing before entering the ocean the following spring (Miller and Sadro 2003; Jones et al. 2014) .
The juvenile salmon we studied during 2010-2012 were likely using shallow tidal freshwater habitats to feed and grow. Although we did not sample the stomach contents of tagged fish, concurrent investigations in the Sandy River delta study area during 2010 suggested that dipterans and hemipterans were important components of the diet of Chinook salmon during late winter and early spring . Bioenergetics modeling based on juvenile salmon diet and environmental conditions during the 2010 study period indicated fish growth was generally positive, except during temperature extremes (A. Storch, unpublished data) . In our study, fish condition during winter was good (Table 2) , which provides another indication supporting the ecological importance of off-channel, tidal freshwater habitats. Generally, rearing in non-natal habitats is important to the survival and productivity of salmon populations, as Murray and Rosenau (1989) concluded for the Fraser River.
Future research
The 2010-2012 component of this study focused on the larger class of the bimodal size distribution of juvenile Chinook salmon present during winter in shallow tidal freshwater habitats of the LCRE Fig. 2a) . Such focus was necessitated by the minimum size of fish (>95 mm fork length) that could be tagged with an acoustic transmitter given available technology. As acoustic-telemetry technology advances and smaller transmitters with long-life batteries (6-12 months) become available, research should emphasize tagging smaller size ranges of fish across multiple seasons to further elucidate the role of tidal freshwater habitats to juvenile fishes. While juvenile salmon >95 mm constitute important components of life history strategies, the majority of juvenile salmon occupying shallow tidal freshwater habitats are smaller than 95 mm (Roegner et al. 2010 (Roegner et al. , 2012 Sather et al. 2011) . Quantifying the spatial and temporal extent of residence time by juvenile salmon in the LCRE, especially at newly restored wetlands, will provide a better understanding of the potential benefits derived from the different life history strategies of fish in their respective habitats. Based on Dawley et al. (1986) , we hypothesize that juvenile Chinook salmon smaller than 95 mm will have longer residence times and potentially derive greater direct benefits from access to restored shallow water habitats compared with larger-sized fish. Future research should involve capturing and tagging upriver juveniles during late summer and fall, then monitoring them in the LCRE during later fall, winter, and early spring to further elucidate life histories as expressed by overwintering in off-channel, tidal freshwater habitats, such as in the Columbia River gorge, Multnomah channel, and behind mainstem islands in LCRE tidal fresh water. Studies applying advanced technology for acoustic transmitters and receivers could allow for survival estimation based on methods developed by Perry and Skalski (2008) for juvenile salmon in restoring and reference LCRE habitats to quantify the effects of habitat restoration. Habitatspecific survival estimates would provide a definitive measure of realized function of particular habitats (Simenstad and Cordell 2000) . To substantiate our results, additional investigation of juvenile salmonid residence times in different off-channel areas in tidal fresh water is warranted. Finally, results from studies of other realized functions for juvenile salmonids of restoring wetlands besides residence time, such as fish growth and prey export, would be useful to restoration managers.
Restoration implications
The residence times we observed have implications for fish access to and restoration of off-channel, tidal freshwater habitats. The winter residence times observed in this study were not particularly long compared with the 3-6 months that residualizing fish can spend in fresh water (Connor et al. 2005 ), but overwintering fish likely use more than one off-channel habitat in the 234 km expanse of the LCRE before entering the ocean. The amount of off-channel habitat available, therefore, is important to support a diversity of life history strategies expressed by juvenile salmon; there are approximately 80 km 2 of off-channel areas, including distributary channels, in the mainstem LCRE compared with the potential recoverable area of 344 km 2 in the LCRE floodplain (Diefenderfer et al. 2013) . In fact, lateral connectivity and access to such habitats is a fundamental mechanism for juvenile salmon to derive direct and indirect benefits from such habitats (Simenstad and Cordell 2000) . For example, a large number of actively migrating juvenile salmonids could benefit directly (through access) because the numbers of these fish using offchannel areas are not inconsequential, even though their residence times are short (ϳhours). Linkages between reconnected wetlands in off-channel areas and the main stem also have indirect benefits through prey export, as demonstrated by Diefenderfer et al. (2013) . Off-channel areas generally provide structural and functional linkages between wetland restoration areas and the mainstem river that benefit both actively migrating and overwintering or rearing juvenile salmonids.
Reconnecting diked areas of the floodplain to the mainstem river to increase juvenile salmon access and export of prey and other materials from shallow tidal wetlands is a key strategy for LCRE habitat restoration (BPA and USACE 2014; NMFS 2014) . Using information about residence time, environmental conditions, and life history variability helps to elucidate patterns of habitat use and advance informed decision-making by restoration program managers. Access to shallow-water, off-channel habitats may be especially important for juvenile salmon with subyearling life histories that rear in tidal areas , especially those that eventually emigrate to the sea as yearlings. Furthermore, the juvenile salmon residence in shallow, tidal freshwater wetland areas during late winter and early spring that we observed and general year-round presence in such habitats noted by others (Roegner et al. 2012; Sather et al. 2011; Thom et al. 2013) support including, in current restoration strategy, the consideration of ecological conditions across multiple seasons at prospective restoration sites and landscapes. Our genetic data, together with those of previous studies (Teel et al. 2009 Roegner et al. 2012; Sather et al. 2011) , indicate that such a strategy will benefit an array of distinct genetic stocks. Multiple life history strategies increase the chances of survival across stocks and populations using different habitats during different seasons (Bottom et al. 2009; Elmqvist et al. 2003; Healey 1991) . This study is the first to estimate residence times for juvenile salmonids specifically in off-channel areas of tidal fresh water and, most importantly, residence times for Chinook salmon expressing a life history of overwintering in tidal fresh water. These findings support restoration of shallow off-channel habitats in the LCRE, ultimately leading to improved life history diversity and population resilience of salmonids in the Columbia River basin.
